Abstract: This paper uses panel cointegration techniques to examine the causal relationship between output, renewable and non-renewable energy consumption, and international trade for a sample of 69 countries during the period 1980-2007. In the short-run, Granger causality tests show that there is a bidirectional causality between output and trade (exports or imports), a bidirectional causality between non-renewable energy and trade, and a one way causality running from renewable energy to trade. In the long-run, a bidirectional causality between renewable energy and imports and a unidirectional causality running from renewable energy to exports, are noticed. Our long-run OLS, FMOLS and DOLS estimates suggest that renewable, non-renewable energy consumption and trade have a positive impact on economic growth. Our energy policy recommendations are the following: i) any nonrenewable energy policy should take into account the importance of international trade, ii) more renewable energy use should be encouraged by national and international competent * Corresponding author.
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is environmental concerns which aim to reduce CO 2 emissions and local pollutants.
Renewables are also encouraged to stimulate economies, reinforce energy security and diversify energy consumption. Renewable energies have been used principally by the electricity sector, followed by biofuels. In most cases, subsidies are needed because renewables are still more expensive than conventional energy sources.
Renewable energy use, including traditional biomass, was 1684 million tons of oil equivalent (Mtoe) in 2010 representing 13% of total primary energy use (International Energy Agency, 2012) . This share has remained stable since 2000, but the contributions of different renewable sources have changed. The share of traditional biomass in total renewable energy decreased from 50% in 2000 to 45% in 2010, while biofuels made an increasing share in the transportation fuel needs. The share of hydropower, the largest source of renewable electricity, remained stable. The most important increases are those of electricity generation from wind which increased by 27% and solar photovoltaic (PV) which increased by 42% per year on average during the period 2000-2010. The renewable sector has been affected by the international economic crisis. However, weaker performances in some regions in Europe and United States for example, have been largely offset by an important increase in the rest of the world, notably in Asia.
Because of governments support, decreasing costs, CO 2 pricing in some regions, and rising fossil fuel prices in the long-term, the International Energy Agency (2012) estimates that the share of renewables in primary energy use will increase. Electricity generation from renewable will approximately triple from 2010 to 2035, attaining 31% of total production. In 2035, hydropower will provide half of renewable production, wind nearly one-quarter and solar PV 7.5%. Solar PV production will increase 26-fold from 2010 to 2035. The use of renewables is expected to reduce CO 2 emissions by over than 4.1 Gt in 2035, contribute to the diversification of the energy sources, reduce oil and gas import bills, and decrease air This expansion in international trade poses questions about its impact on greenhouse gas emissions. The impact of trade on pollution can be explained by three principal effects, which are the scale, composition and technique effects. International trade can be used as a channel for diffusing technologies, especially from developed to developing countries, to combat climate change. International trade can increase the availability of goods and services that are more energy efficient. The increase in income made possible by trade openness can lead to a demand for better environmental quality and a reduction in greenhouse gas emissions.
It is admitted that international trade and renewable energy consumption are linked.
International trade can induce more renewable energy use, for many reasons: i) more trade in goods necessitates more energy and renewable energy use to produce and transport these goods from one country to another, ii) because of economies of scale and technology progress, the price of equipments (for instance solar PV and onshore wind power) used to produce renewable energy have considerably reduced pushing companies to explore new markets. This makes renewables more affordable for a larger range of consumers throughout the world (United Nations Environment Program 2013a), and iii) international trade can play a significant role in greening the energy sector as it is an important vehicle for renewable energy technology transfer. Indeed, international technology transfer through trade occurs when a country imports capital goods, such as machines and equipment to produce renewable energy. Local firms of the importing country can copy the technology of the imported goods, or acquire knowledge, through training sessions for engineers and technicians operating the production line, as customer or distributor, or through business relationships with the source company. As an example, China has mainly acquired foreign technologies to create a domestic PV industry mostly through the international trade of manufacturing equipments (De la Tour et al., 2011) . Consequently, China is the largest solar PV cell producer in the world, with more than one third of worldwide production in 2008, exporting more than 95 percent of what it produces.
More renewable energy production can stimulate international trade for many reasons: i) the use of more renewable energy implies more production of goods and the excess of production in some countries is exported to importing countries, ii) according to the United Nations Environment Program (2013a), there is a surplus in renewable energy production in some regions in the world, whereas a deficiency in renewable energy production is noticed in other regions. This has established international commercial exchanges in renewable energy 6 goods. For instance, in some regions of the world, available biomass is insufficient to meet growing demand for bioenergy, whereas other regions produce biomass in excess. This situation has created important international trade in solid and liquid biomass fuels. Another example is the Lesotho highlands power project which will generate 6 GW of wind power and 4 GW of hydropower, mainly for export to South Africa. This is equivalent to nearly one quarter of South Africa's total current energy supply (United Nations Environment Program 2013b), and iii) increasing renewable energy production has a significant impact on international trade in rare earth minerals or metals, which are important inputs for the manufacture of several renewable energy supply products such as wind turbines and energy efficient lighting.
In conclusion, the production and consumption of renewable energies and international economic exchanges are increasing in all parts of the world. It is accepted that renewable energy consumption and international trade are linked, however few researches have empirically studied this relationship.
Material and methods
The data set is a panel of 69 countries followed over the years 1980-2007 and includes annual data on output, renewable and non-renewable electricity consumption, capital, labor, exports, and imports. The Appendix lists the 69 countries included in the analysis which are distributed on the five continents. Annual time series data are chosen to include as many countries as possible by taking into account the availability of data over the selected period.
The multivariate framework for the analysis includes real gross domestic product (output) measured in constant 2000 US dollars. Renewable energy consumption is the total renewable electricity consumption measured in millions of kilowatt hours. It comprises the electricity produced from geothermal, solar, wind, tide and wave, biomass and waste, and hydroelectric.
Non-renewable energy consumption is the total non-renewable electricity produced using oil, natural gas and coal, and is measured in millions of kilowatt hours. Exports (imports) are measured using merchandise exports (imports) in current US dollars and are converted to real (Heston et al., 2012) . All estimations are made using Eviews 8.0.
Following Payne (2011, 2012) , Smith (2010a, 2010b) , and Sadorsky (2012) , we estimate the relationship between renewable and non-renewable energy consumption, output and trade by using the production function. The model presented by Apergis and Payne (2012) includes renewable and non-renewable energy in the production function in order to investigate the relation between energy and output. The model used by Sadorsky (2012) includes exports and imports in two separate empirical models, whereas the models used by Smith (2010a, 2010b) include only exports. In the present paper, we follow the same model specification as Sadorsky (2012) 
,
Eq. (1) can be written as follow:
The natural log of Eq. (2) 
Results and discussions
Our empirical analysis follows four steps: i) we proceed panel unit root tests for stationary, ii) we look for long-term cointegration between variables, iii) we estimate the long-run relationships between variables, and iv) we study the causality between variables using Engle and Granger (1987) approach.
Stationary tests
In this study four types of unit root tests are computed in order to examine the order of integration of variables at level and at first difference, namely Levin et al. (2002) , Im et al. (2003) , test of Fisher using augmented Dickey and Fuller (ADF) (1979) , and Phillips and Perron (1988) . These tests are divided in two groups. The first group of tests includes LLC's test (Levin et al., 2002 ) assuming a common unit root process across the cross-section. The second group of tests comprises IPS-W-statistic (Im et al., 2003) , Fisher-ADF Chi-square (Dickey and Fuller, 1979) and Fisher-PP Chi-square (Phillips and Perron, 1988 ) which assume individual unit root process across the cross-section. For all these tests, the null hypothesis is that there is a unit root and the alternative hypothesis is that there is no unit root.
We assume that the test regressions contain an intercept and no deterministic trend. The numbers of lags are selected automatically using Schwarz information criterion (SIC). The results of unit root tests are reported in Table 1 .
Insert Table 1 here Table 1 indicates that, at level, there is a unit root for y, nrec, k, ex, and im panel data series, whereas after first difference, all our variables are integrated of order one, I(1). For (re) data series, the result from the IPS test reports the presence of a unit root at level, whereas after first difference it confirms that renewable energy consumption is integrated of order one at the 1% significance level. Using IPS and ADF tests, labor force (l) contains a unit root at level but becomes stationary after first difference. Finally, we can conclude that the stationary of each variable is established and our results confirm that the integration order is one. 
Cointegration tests
To check for long-run association in a heterogeneous panel, we use the cointegration tests of Pedroni (1999 Pedroni ( , 2004 . Pedroni (2004) proposes seven statistics distributed on two sets of cointegration tests. The first set comprises four panel statistics and includes v-statistic, rhostatistic, PP-statistic and ADF-statistic. These statistics are classified by the within-dimension and take into account common autoregressive coefficients across countries. The second set comprises three group statistics and includes rho-statistic, PP-statistic, and ADF statistic. 
We assume that the tests are running with individual intercept and deterministic trend. The results from the tests for the data set for the model with exports and the model with imports are reported in Tables 2 and 3 , respectively.
Insert Table 2 here Table 2 indicates that, for the model with exports, three panel statistics (v-statistic, PPstatistic and ADF-statistic) among the four statistics used for the within-dimension, reject the null hypothesis of no cointegration at the 1% significance level and approve that there is evidence of cointegration between variables. Two group statistics (PP-statistic and ADFstatistic) among the three statistics used for the between-dimension reject the null hypothesis of no cointegration at the 1% significance level and approve the existence of cointegration between variables. Therefore, five tests among seven confirm the existence of long-term cointegration between the variables.
Insert Table 3 here
For the model with imports, Table 3 indicates that, among the four used statistics of the within-dimension, three panel statistics (v-statistic, PP-statistic and ADF-statistic) reject the null hypothesis of no cointegration at the 1% significance level. Two group statistics (PPstatistic and ADF-statistic) among the three statistics used of the between-dimension reject the null hypothesis of no cointegration at the 1% significance level. Thus, the tests of Pedroni (2004) confirm the existence of long-term cointegration between the variables.
Long-run estimations
This step consists in the long-run estimation of Eq. (3) where the dependent variable is real GDP or output, and the independent variables are renewable energy consumption, nonrenewable energy consumption, real exports (or imports), capital stock and labor force. The ordinary least squares (OLS) estimator is asymptotically biased and its distribution depends on nuisance parameters, in the context of a panel estimate. To correct this bias, we estimate the long-run structural coefficients of Eq. (3) by using the fully modified OLS (FMOLS) and the dynamic OLS (DOLS) panel approaches proposed by Pedroni (2001 Pedroni ( , 2004 . To correct the problems of endogeneity and serial correlation, FMOLS uses a non-parametric approach, whereas DOLS uses a parametric approach. As our variables are measured in natural logarithms, the coefficients estimated from the long-run cointegration relationship can be considered as long-run elasticities. The results of long-run estimates for the model with exports and that with imports are reported in Tables 4 and 5 , respectively.
Insert Table 4 here By using the FMOLS approach, a 1% increase in renewable energy, non-renewable energy consumption, capital and labor increase output by 0.04%, 0.09%, 0.79%, and 0.06%, respectively. By using the OLS approach, a 1% increase in exports increases output by 0.03%.
Insert Table 5 here For all variables except for the export and import variables, the computed coefficients for the model with exports and that with imports are very similar in terms of sign, magnitude and statistical significance, and lead to the same conclusions. These long-run estimates are very different from those found by Apergis and Payne (2012) because our estimated coefficients are relatively very small for the renewable energy, non-renewable energy, and labor variables.
We think that this difference is due to the integration of international trade as a dependent variable in our specified model.
Causality tests
Given that the residual cointegration tests of Pedroni (1999 Pedroni ( , 2004 show the existence of a long-run relationship between variables in the two specific models (exports or imports), then the approach of Engle and Granger (1987) can be used to estimate the error correction model.
Our analysis will focus principally on the output, renewable energy consumption, nonrenewable energy consumption, exports, and imports variables.
The estimation of the dynamic vector error correction model (VECM) is given as follows: 
where ∆ is the first difference operator; the autoregression lag length, q, is set at one and determined automatically by SIC; µ is a random error term; ECT is the error correction term derived from the long-run relationship of Eq. (3).
To investigate the short and long-run dynamic relations between variables, we follow the two steps approach of Engle and Granger (1987) . First, we estimate the long-run parameters in Eq. (3) in order to get the residuals corresponding to the deviation from equilibrium.
Second, we estimate the parameters related to the short-run adjustment of Eqs. (5) -(10). The short-run causality is determined by the significance of F-statistics and the long-run causality 13 corresponding to the error correction term is determined by the significance of t-statistics.
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The Granger causality tests are reported in Tables 6 and 7 , and Fig.1 resumes short-run causalities for our main variables.
Insert Table 6 here
For the panel VECM with exports, short-run Granger causality tests, reported in Table 6, show that there is evidence of a bidirectional causality between exports and output at the 1% significance level. There is also a bidirectional short-run causality between exports and nonrenewable energy consumption, which is statistically significant at the 1% and 5% levels when the causality runs from non-renewable energy and exports, respectively. A unidirectional short-run causality running from renewable energy consumption to exports is validated at the 5% significance level. However, there is no evidence of a short-run causality between output and renewable energy consumption, output and non-renewable energy consumption, and renewable and non-renewable energy consumption.
The long-run test results reported in Table 6 , show that the error correction term is statistically significant at the 1% level for Eqs. (5), (8) and (10). Let us notice that the computed error correction terms corresponding to the renewable energy and non-renewable energy equations are statistically significant with a slow speed of adjustment whereas their signs are not negative. 4 This means that there is evidence of a long-run causality running: i) from renewable and non-renewable energy, exports, capital, and labor to output, ii) from output, renewable and non-renewable energy, capital and labor to exports, and iii) from output, renewable and non-renewable energy, exports and capital to labor. We can also deduce that there is a long-run bidirectional causality between output and exports.
Insert Table 7 here
For the panel VECM with imports, short-run Granger causality tests, reported in Table 7, show that there is evidence of a bidirectional causality between imports and output at the 1% significance level. There is a bidirectional short-run causality between imports and nonrenewable energy consumption, which is statistically significant at the 1% and 10% levels when the causality runs from non-renewable energy and imports, respectively. A unidirectional short-run causality running from renewable energy consumption to imports is validated at the 5% significance level. However, there is no evidence of a short-run causality between renewable energy consumption and output, non-renewable energy consumption and output, and renewable and non-renewable energy consumption. Table 7 reports the long-run test results which show that the error correction term is statistically significant at the 1% level for Eqs. (5), (6), (8) and (10). Notice that the estimated error correction terms concerning the non-renewable energy and capital equations are statistically significant with a slow speed of adjustment but their signs are not negative. This means that there is a long-run causality running: i) from renewable and non-renewable energy, imports, capital, and labor to output, ii) from output, non-renewable energy, imports, capital and labor to renewable energy, iii) from output, renewable and non-renewable energy, 4 To be significant, the estimated error correction term should be between -1 and 0 and statistically significant. Our estimated error correction terms for the non-renewable energy equation are not comprised between -1 and 0 for both the exports and imports models. The referee suggested this result may be due to multicolinearity between renewable and non-renewable energy variables which may affect the Granger causal results. Upon the recommendation of the referee the following two models were estimated: (1) renewable energy consumption, output, trade (exports or imports), capital and labor, and (2) non-renewable energy consumption, output, trade (exports or imports), capital and labor. We find no difference in the Granger causal results, both in the short and long-run, between the present model and these two models. Moreover, the estimated error correction terms for the non-renewable energy consumption are not significant because they are not comprised between -1 and 0 as in the present model. These results are available upon request.
capital and labor to imports, and iv) from output, renewable and non-renewable energy, imports and capital to labor. Also, we deduce that there is a long-run bidirectional causality between output and imports, output and renewable energy, and renewable energy and imports. Fig.1 sums up the short-run Granger causality between our main variables. By looking to the short-run causalities in Fig. 1 , and the long-run causalities in Tables 6 and 7, In the short-run, there is no causality between renewable energy consumption and nonrenewable energy consumption. However, there is a short-run indirect and unidirectional causality running from renewable energy consumption to non-renewable energy consumption through trade (exports or imports). This means that, in the short-run, any variation in renewable energy consumption indirectly affects non-renewable energy consumption. These results are new and interesting because this study is the first attempt to empirically investigate the causal relationship between renewable energy consumption, non-renewable energy consumption and international trade. In the long-run and for the model with imports, we find a unidirectional causality running from non-renewable energy consumption to renewable energy, meaning that any changes in non-renewable energy affect renewable energy consumption. However, Apergis and Payne (2012) show the existence of a short-run bidirectional causality between renewable and non-renewable energy consumption indicative of substitutability between the two energy sources. We think that this causality obtained by these authors may be due to the omission of the trade variable.
Insert Fig 1 here
Our Granger causality tests show that there is no short-run causality between nonrenewable energy consumption and output, supporting the neutrality hypothesis. However, there is an indirect short-run bidirectional causality between non-renewable energy and output, which occurs through trade (exports or imports). Therefore, in the short-run, policies targeted to reduce non-renewable energy consumption will indirectly reduce economic growth through the impact of non-renewable energy reduction on exports and imports. However, in the long-run, there is a one way causality running from non-renewable energy consumption to output. Conversely, Apergis and Payne (2012) demonstrate a bidirectional relationship between non-renewable energy consumption and output in both the short and long-run. These differences can be explained on the basis of the differences in used data and variables. Indeed, in our study, the integration of exports and imports in the production function as explanatory variables can divert the direction of short-run causality between variables. Our short-run
Granger causality results confirm those of Sadorsky (2012) who shows that the causality between output and energy consumption is indirect. Indeed, in the short-run, he shows the existence of an indirect bidirectional causality between energy consumption and output through exports, and an indirect unidirectional causality from energy consumption to output through imports. Many other papers show the absence of a short-run causal relationship between energy consumption and output, and the existence of an indirect causality. Indeed, Halicioglu (2009) show the existence of an indirect and bidirectional short-run causality between energy consumption and output that runs through CO 2 emissions. Ozturk and Acaravci (2010) report the absence of short-run causal relationship between energy consumption and output. In fact, the debate on the causal relationship between energy consumption and growth has been treated by different studies and the direction of causality depends on the selected countries, the period considered, the empirical methodologies, and included variables. Al-mulali et al. (2013) resume the findings of 81 studies concerned by the causal relationship between energy consumption and economic growth. They conclude that 45% of these studies find a bidirectional causality (feedback hypothesis), 10% find no causal relationship (neutrality hypothesis), 25% find a one way causal relationship running from energy consumption to output (growth hypothesis), and 20% find a one way causal relationship running from output to energy consumption (conservation hypothesis).
Our Granger causality tests show that there is no short-run causality between renewable energy consumption and output, and this supports the neutrality hypothesis. However, there is an indirect short-run unidirectional causality from renewable energy to output through trade (exports or imports). Thus, in the short-run, policies targeted to increase renewable energy consumption will indirectly increase economic growth through the impact of renewable energy increase on exports and imports. In the long-run, we show the existence of a unidirectional causality running from renewable energy to output in the model with exports, and a bidirectional causality between renewable energy and output in the model with imports.
Thus, in the long-run, increasing renewable energy consumption is beneficial for economic growth. Our results are not in agreement with those of Apergis and Payne (2010a , 2011 , 2012 ) who show the existence of a bidirectional relationship between renewable energy consumption and output in both the short and long-run. These differences can be explained on the basis of the differences in used data and variables. Indeed, in our study, the integration of exports and imports in the production function as explanatory variables can divert the direction of short-run causality between variables. Al-mulali et al. (2013) investigate the longrun relationship between renewable energy consumption and GDP growth for 108 countries categorized as high income, upper middle income, lower middle income, and low income countries. The results reveal that for 79% of the countries this causality is bidirectional, for 19% of the countries there is no causality, and for 2% of the countries there is a one way longrun relationship from output to renewable energy or from renewable energy to output.
Conclusions and policy implications
This research studies the causal relationship between output, renewable and nonrenewable energy consumption and trade for a panel of 69 countries over the period 1980-
2007. This study is interesting because no research has been reported on the causal relationship between output, international trade, renewable and non-renewable energy consumption.
We consider two models. In each model the dependant variable is GDP (output) and the independent variables are renewable energy consumption, non-renewable energy consumption, trade, the stock of capital and labor force. In the first model, international trade is measured by merchandise exports, and in the second model, it is measured by merchandise imports.
Granger causality tests show that there is evidence of a bidirectional causality between output and trade (exports or imports) in both the short and long-run. These results indicate that any changes in trade affect output and any changes in output affect trade. They suggest that economic growth cannot be achieved without expanding international economic exchanges.
Even though there is no short-run causality between output and renewable energy consumption, there is a long-run and bidirectional causality between output and renewable energy consumption in the model with imports. Indeed, economic growth makes people more aware of environmental protection leading to an increase in renewable energy consumption.
We provide this reason because we don't find a causality running from output to nonrenewable energy consumption. However, we find a long-run causality running from nonrenewable energy consumption to output. Thus, more non-renewable energy consumption boosts economic growth in the long-run.
Also, there is evidence of a one way short-run causality without feedback running from renewable energy consumption to trade. These results suggest that increasing renewable energy consumption increases imports and exports, in the short-run. Thus, any policy designed to increase renewable energy consumption, will increase trade and its benefits.
Policies designed to increase renewable energy consumption encourage international trade and promote economic growth. We think that this short-run unidirectional causality is due to at least one of the two following reasons: i) there are great disparities in the production of renewable energy between countries encouraging their international exchanges, which are becoming more and more important; ii) the increase in renewable energy production has a significant and positive impact on international exchanges in rare earth minerals or metals,
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which are becoming increasingly important. Our short-run Granger causality tests suggest that neither exports nor imports affect renewable energy consumption. However, in the long-run, there is a bidirectional causality between renewable energy and imports. This means that, in the long-run, increasing imports leads to an increase in renewable energy consumption. We think that this long-run causality is due to the renewable energy technology transfer occurring when countries import capital goods, such as machines and equipment to produce renewable energy. This causality from imports to renewable energy consumption occurs only in the long-run because, when renewable energy technology transfer occurs through imports, a relatively long time is needed for importing countries to build the necessary human and physical capacities for producing renewable energies. We also show the absence of causality running from exports to renewable energy consumption in both the short and long-run. This means that increasing exports has no impact on renewable energy consumption. This absence of causality can be attributed to at least one of the two following reasons which should be considered for all our panel of 69 countries: i) the proportion of renewable energy used to produce and to transport exported goods is not significant, ii) the exports of equipment needed to produce renewable energy are not important.
We show the existence of a short-run feedback causality between non-renewable energy consumption and trade, and a long-run unidirectional causality running from non-renewable energy to trade. These results suggest that trade expansion necessitates more non-renewable energy consumption. Moreover, any reduction in non-renewable energy consumption, for instance due to non-renewable energy conservation policies decided to reduce 2 CO emissions, will reduce international trade and its benefits.
In our long-run estimates, output is the dependent variable. Long-run elasticities are estimated using OLS, FMOLS and DOLS panel approaches. The results of estimates show that all coefficients are positive and statistically significant at mixed level, except for exports coefficients which are statistically significant only with the OLS panel approach. Therefore, in the long-run, any increase in capital, labor force, renewable energy consumption, nonrenewable energy consumption and trade (exports or imports) will increase economic growth.
Our energy policy recommendations are the following. Firstly, we show the existence of a feedback short-run causal relationship between non-renewable energy consumption and trade, and a long-run causality running from non-renewable energy to trade. Thus, and as proposed by Sadorsky (2012) All unit root tests regressions are run with intercept.
P-value listed in parentheses.
Automatic lag length selection based on SIC (Schwarz information criteria).
ritical values at the 1% significance level. * Critical values at the 10% significance level. 
